Abstract: Traditional taxonomic practices are insufficient on their own to cope with the growing need for accurate identifications. The recent development of DNA barcoding has been applied to plants. The next step is the development of a high-throughput Automated Identification Technology (AIT) system. Our research indicates that the efficacy of an AIT system equates with savings in time and funding. Given the potential interconnectivity of web-based applications, we suggest an AIT system for plants that uses several existing systems and suggest several applications where AIT could serve as a tool for biologists and for society at large.
Traditional plant identification
Traditional botanists typically devote a portion of their time to identification of plant samples for researchers working in other disciplines in science and to society at large. Usually, this involves a professionally trained taxonomist and the use of a botanical herbarium, which is a museum of preserved reference specimens. The taxonomist uses books from the botanical library, often connected with the herbarium, and reference specimens from the herbarium to identify plants and produce new, updated information products, such as floristic treatments, monographs and revisions. Floristic treatments provide plant nomenclature, descriptions, and keys to document plants of a given region (e.g., local, regional, national and international). Monographs and revisions treat natural groups of plants -usually all the species in a genus or family -and are often the source of documentation of species that are new to science.
The need to know the identity of a particular plant is great and spans research disciplines, government agencies and business sectors. For example, a researcher studying the loss of habitat of a rare animal such as the Woodland Caribou needs to know the identity of all the plants it consumes. Conservation biologists need to know the identity of all the plants in an ecosystem to assess patterns in diversity and to plan and manage conservation areas. Border control officers need to know the identity of plant materials (e.g., seeds) entering our countries. Forest ecosystem managers need to be able to identify the loss of particular species following silvicultural protocols. Farmers need to know the identity of weeds invading their crops. Police require expert plant identifications as forensic evidence in court cases. Hospitals often need the identification of poisonous plants that are consumed by people who harvest wild edibles or children who have consumed an unknown berry or leaf. The food and herbal industry need to provide quality assurance by identifying plants that contaminate their products. These are only a few examples of the need for accurate plant identification, a need which intensifies with the increase of the human population. Unfortunately, existing numbers of taxonomists and herbaria are not sufficient to deal with this growing demand for plant identification.
Traditional taxonomic practices are inadequate on their own to deal with the need for accurate and accessible taxonomic information. The perception that taxonomy is not relevant has led to a significant drop in the funding and training of graduates as professional taxonomists. Many herbaria have closed because of substantial funding cuts for natural science programs in general. This has led to recurring cries of crises in taxonomy and of the need for a rejuvenation of the field (Godfray, 2002a (Godfray, , 2002b Tautz et al., 2002 Tautz et al., , 2003 . Some researchers (Lipscomb et al., 2003; Wheeler et al., 2004; Will and Rubinoff, 2004) have argued that routine identification should represent a minor part of a taxonomist's work allowing them to focus on alpha taxonomy (the discovery and description of new species). However, it is a fact that taxonomists complete thousands of routine identifications per year (Newmaster et al., 2006) perpetuating the state of crisis in alpha-taxonomic research (Hebert and Gregory, 2005) . As a community we need to do a better job of connecting the alpha-taxonomic research with the broader community of ecologists, biogeographers, agriculture specialists, conservationists and the many governmental and non-governmental organisations.
It is surprising and disturbing that after 250 years of modern systematic biology it is estimated that we have named less than 10% of the species on earth (Hawksworth and Kalin-Arroyo, 1995) . The total number of species on earth remains unknown with estimates ranging from 10 million to more than 100 million (May, 1988; Hammond, 1992; Hawksworth and Kalin-Arroyo, 1995) . The number of species remaining to be discovered is well beyond the current capacity of our descriptive taxonomists and systematists (Godfray, 2002a; Blaxter, 2004) . Current estimates of the losses of biodiversity are greater than our ability to recognise new species. There is an urgent need to develop technology that will expedite our ability to catalogue species (Godfray, 2002b; Blaxter and Floyd, 2003; Godfray and Knapp, 2004) . In response, many researchers have called for an automated identification system that will aid taxonomists in routine identifications (Gaston and O'Neill, 2004; Wheeler et al., 2004) and alpha-taxonomic research (Hebert and Gregory, 2005; Newmaster et al., 2006) . We believe that species identifications are a rate-limiting step for many ecological and biodiversity investigations, as well as for taxonomic research, and that Automated Identification Technology (AIT) could relieve a burden on taxonomists and fill the current need with important benefits to both taxonomy and biodiversity science. In this paper, we explore identification technology including state-of-the-art DNA bar coding in the development of an automated identification system for plants. We discuss the efficacy of an AIT system used at the Biodiversity Institute of Ontario (BIO) Herbarium and propose applications for society at large.
Identification technology
Plant identification employs characters for discriminating taxa at several ranks (e.g., family, genus, species, etc). Different types of evidence are utilised in plant classification, such as morphological, chemical and molecular DNA. Each provides characters that are often used in combination when describing a new species or analysing the classification of natural groups of plant species (i.e., genera and families). The study of systematics or the relationships among taxa also utilises many types of characters. Routine plant species identification, however, relies mostly on morphological characters such as the type and position of the gynoecium and androecium. Skilled professional botanists are required to interpret the morphological characters and navigate lengthy and complicated keys to discriminate plant species. This process is expensive and time consuming for professional botanists who could be using their skills for research in alpha taxonomy. However, there is a certain amount of bias in the present system with respect to the identification of cryptic taxa; species without discrete gross morphological characters are often lumped together. Cryptic taxa may be species, ethnotaxa (Newmaster et al., 2007) , varieties, subspecies, ecotypes or cultivars. Furthermore our traditional system relies on a linear approach; recognition of characters of an unknown sample is facilitated by the use of a character key, which leads to a species identity. The keys are often dichotomous proceeding (sometimes biasing) through a structured sequence of paired decision-making steps called couplets. While biologists associate morphological features exhibited by an unknown plant with the features described in the couplets of the key, they are seldom encouraged to consider a variety of characters or the range of variation of morphological features associated with a particular species of plant. The total morphological variation inherent to a particular species is typically not reflected in these keys by the very nature of their construction. Other characters, such as cytology (chromosome counts) or chemicals (produced by only some taxa) require specialised equipment, and for many plants only discriminate to the rank of family or genus.
Several molecular tools have been applied to the detection and identification of biological samples. These are designed to function primarily at the species or population levels of the plant taxonomic hierarchy. Some of the more common markers include Restriction Fragment Length Polymorphism (RFLP), Amplified Fragment Length Polymorphism (AFLP), Microsatellite and Random Amplified Polymorphic DNA (RAPD). These techniques can reveal otherwise hidden genetic variation and can provide markers unique to species or populations and have been used to confirm species boundaries. Genomic fingerprinting or Inter Simple Sequence Repeats (ISSR) is a broadly defined analysis used for testing genomic instability (Leroy et al., 2000; Weising et al., 2005) , evaluating genetic diversity (Kantety et al., 1995) , cultivar identification (Charters et al., 1996) , molecular mapping (Ratnaparkhe et al., 1998) , array-based platforms for specimen identification in mammalian species (Hajibabaei et al., 2007a (Hajibabaei et al., , 2007b and forensic DNA profiling (Kumar et al., 2001 ) in plants as well as for sexing in birds (Wink et al., 1998) or identifying hybrids in birds and reptiles (Wink et al., 2001 ). These molecular tools have been applied to cryptic groups (Wilson, 1995) , such as yeast (Kurtzman, 1994) , viruses (Allander et al., 2001) , bacteria (Hamels et al., 2001) , protists (Nanney, 1982; Pace, 1997) and other organisms (Brown et al., 1999; Bucklin et al., 1999; Trewick, 2000; Vincent et al., 2000) . Although these methods do yield useful character-based data, they are not conducive to routine plant identifications in conjunction with a high-throughput bioinformatics system. Furthermore, these techniques are less than optimal for the taxonomically wide scope of plant identification because of problems with high within-taxon variability and lack of confident assignment of orthology between markers. DNA sequence data, however, has the potential to overcome these hurdles (Blaxter, 2004) . Some DNA regions are sufficiently conserved to permit the use of 'universal' oligonucleotide primer sets for PCR amplification and yet contain sufficient informative sequence variation to discriminate species. Floyd et al. (2002) recognised that DNA sequence could be used for discriminating species and coined the term Molecular Operational Taxonomic Unit (MOTU), which has also been called 'phylotypes' and 'genospecies'. Hebert et al. (2003) developed the 'DNA Bar code' for high-throughput identification of animal species and has initiated a global movement towards a technologically advanced taxonomic system that will expedite our ability to explore and record the earth's biodiversity (Hebert et al., 2003) .
AIT and DNA bar coding systems
DNA bar coding has proven to be a reliable tool for species identification. Hebert et al. (2003) pioneered the idea of high-throughput DNA bar coding in animals, which is a method of species identification and recognition using DNA sequence data from a standard region. The initial step is the construction of a DNA sequence library using vouchers or type specimens from taxonomic experts. On the basis of the mitochondrial gene, cytochrome c oxidase subunit 1 (COI or cox1), DNA bar coding is progressing rapidly in several groups of animals, which can be reviewed online via the Canadian Barcode of Life (http://www.bolnet.ca) and the Consortium for the Barcode of Life (CBOL http://www.barcoding.si.edu). The development of a bar code system for plants started later and has proceeded cautiously for a number of reasons that have been previously discussed in detail (Kress et al., 2005; Chase et al., 2005; Newmaster et al., 2006; Taberlet et al., 2006; Presting, 2006) . The current challenge has been to identify suitable DNA regions for plant bar coding (Chase et al., 2007; Kress and Erickson, 2007; Newmaster et al., 2007; Little and Stevenson, 2007; Pennisi, 2007) . Recently, the Canadian Plant Barcoding Group (CPBG, Fazekas et al., 2008) assessed the utility of a number of coding and non-coding genomic regions that have been proposed as plant bar codes for a regional flora. Their results indicate that a multi-region bar code is optimal and that several of the regions could potentially be used in various combinations to effectively bar code plants. The immediate challenge is the transition from experimental research to a high-throughput automated DNA bar coding system.
There are a number of impediments to plant bar code research that must be resolved to match the success of the high-throughput system of animal bar coding. To maximise detectable genetic variation, Kress et al. (2005) proposed the use of a non-coding region, the trnH-psbA plastid spacer in a multigene approach. Chase et al. (2005) and others criticised this approach owing to issues of alignment with non-coding regions (discussed by Cowan et al., 2006) . These are serious issues for current bioinformatic systems that hinder the standard high-throughput analysis used in Barcode of Life Database (BOLD) (http://www. boldsystems.org). Newmaster et al. (2006) introduced the 'tiered concept' or 'nested approach' of analysis as a potential method of facilitating the use of non-coding regions in the bioinformatics processes that the BOLD currently uses. This approach utilises a common, easily aligned coding gene and a more variable non-coding locus in a nested analysis, which could be run in parallel. We currently use a system in which one coding region places an unknown sample within a family, genus or in some cases species. If needed, a more variable region is used to align the unknown sample within a genus or family and then match its sequence with that of a known sequence in our database, thus completing the identification process. Current bioinformatics systems can adapt to this system immediately, but will eventually be replaced by a 'one step' bioinformatics process. We expect this will happen in the near future and encourage our colleagues in computing to collaborate with plant biologists in developing a bioinformatics system that will designate an unknown sample with combined sequence data from coding and non-coding regions.
State-of-the-art in AIT bar coding
AIT for plants is anchored in DNA bar coding. Analogous to the UPC bar codes used to identify manufactured goods, DNA bar coding is a tool that facilitates high-throughput identification of organisms. The process of obtaining sequence data (i.e., DNA extraction, PCR, sequencing, databasing) has been automated for animals (Hajibabaei et al., 2005; and is being adapted for plants (e.g., Ivanova et al., 2008) at the BIO. Developing an AIT tool begins with the construction of a plant DNA sequence library using accessions from multiple populations for each species, all of which are identified by a taxonomic expert, and with vouchers deposited in a herbarium. Many botanical institutions are in the process of building these databases for entire floras (Newmaster et al., 2006; Kress and Erickson, 2008 ) with a repository called the Barcode of Life Data System (BOLD; Ratnasingham and Hebert, 2007) . BOLD is an informatics workbench aiding the acquisition, storage, analysis and publication of DNA bar code records. By assembling molecular, voucher information, and distributional data, it bridges traditional taxonomy with molecular data in a bioinformatics platform. BOLD has a web-based delivery built on a flexible data security model and is freely available for data deposition to any researcher with interests in DNA bar coding. BOLD also meets the standards needed to gain bar code designation in the global sequence databases: GENbank, National Centre for Biotechnology Information (NCBI), Global Biodiversity Informaion Facility (GBIF), DNA Data Bank of Japan (DDBJ), European Molecular Biology Laboratory (EMBL). Ratnasingham and Hebert (2007) provide a more detailed discussion on key elements of BOLD. We suggest an automated identification tool for plants that links via the internet several separate automated processes (see below, Herbarium Information Management System (HIMS), Laboratory Information Management System (LIMS), BOLD, ATRIUM). These separate automated processes start with an unknown plant specimen (from which a small sample is preserved in a package with silica), and end with an identified voucher, which is archived in a herbarium where the data is accessible via the internet (Figure 1) . In the future, we will have complete databases for entire floras including voucher records in Herbaria. An unknown plant or part of a plant (e.g., piece of a leaf, root etc.) will become a routine identification and provide a quick and cheap identification service for society at large. 
Herbarium Information Management Systems (HIMS)
HIMS are automated systems developed for creating a database of voucher specimens that can be shared via the internet. HIMS can provide a conduit of specimen information (Figure 2 ) to the LIMS (Aller, 2005) , BOLD, other herbaria and botanical information applications (e.g., AtriumTM, see below). HIMS automatically produces labels and provides accession numbers, completing the identification process and archival of a specimen. HIMS can also be linked to other digital herbaria, which share reference data on all voucher specimens. This provides information (photos, locations, etc.) for critical evaluation of the reference specimen in comparison with other specimens of the same species collected and archived throughout the globe. This system would also provide extensive species information with descriptions, maps, access to herbarium and field fresh images, digital and printed literature, and, if possible, enable connections to ecological and biodiversity data, and conservation programs. Several HIMS programs are available such as BGBASE (2007), BRAHMS (2007) and ETI (2007) . Alternatively, individual herbaria may develop their own relational database applications, which meet the specific needs of that institution. We have developed our own web-based relational database application for introducing novel AIT with direct links to BOLD and the Atrium Biodiversity Information System (see discussion below). This supports our need to process high volumes of plant samples from biodiversity inventories and industrial applications (see below). 
Laboratory Information Management System (LIMS)
At the herbarium, a small portion of an unknown sample is placed in a tube and sent to the molecular lab where it enters the process of DNA extraction, PCR and sequencing (Hajibabaei et al., 2005; Ivanova et al., 2008) . LIMS documents this process and the resultant sequences are automatically uploaded to BOLD (Ratnasingham and Hebert, 2007) .
Barcode of Life Data System (BOLD)
The BOLD informatics workbench automatically assembles the DNA sequence with voucher information and distributional data, which could be automatically provided by the HIMS. In BOLD, any query sequence is aligned very quickly to the global alignment through a Hidden Markov Model (HMM) profile of the respective DNA region, followed by a linear search of the reference library (Ratnasingham and Hebert, 2007) . On the basis of sequence variation, the identification system on BOLD delivers specimen identification if the query sequence shows a tight match, less than 1% divergence, to a reference sequence. If two or more taxa share sequences with less than 1% divergence, all possible species assignments are displayed. BOLD shares sequence information with several international bioinformatics and biodiversity data banks (Figure 2 ).
Verification
A web-based relational database system could provide a linkage to existing botanical information databases and a means of verifying specimen's identity against a wealth of information about every known taxon. This includes morphometric databases with information of a particular species' geographic range, exact measurements of various morphological characters, chromosome number, images, chemical constituents, taxonomic descriptions, natural history, toxicology, ecology and relevant primary literature. This wealth of information could be used to verify the identity of the unknown plant. Currently, there are several web-based applications such as the Integrated Botanical Information System (IBIS, 2006) in Australia, BGBASE in Britain, the World Taxonomist Database in the UK (ETI, 2007) and Atrium in the USA. We are using Atrium because it is based on standard, modern biodiversity information system technology and it follows an open-source philosophy (see Atrium description here). As a tool for identification of described species, the AIT system is entirely dependent on existing taxonomy derived from traditional taxonomic methods. Paralleling the traditional methods, sequences and DNA samples are associated with voucher specimens. Where novel sequences or greater than expected variation within species are encountered, AIT acts as a beacon to attract attention to cryptic species that have gone undetected, prompting and directing alpha-taxonomic research. Once this primary research is complete and published, the DNA library is updated in BOLD and information is added to the relational database system (Figure 1 ).
The atrium biodiversity information system, version 1.6
The Atrium Biodiversity Information System is one of the most innovative systems available for integrating, managing, sharing and publishing biodiversity and allied data. While there are other proprietary and open-source collection management systems available, Atrium goes far beyond mere collection or specimen management by providing a platform for merging specimen data with literature citations, GIS layers, ecological data, species information, and images. Atrium manages not only plant collections and associated data, but it also manages independent specimen records for each collection. Duplicate specimens deposited in different herbaria are managed independently and each are connected to an associated collection. Checklists can be generated at the level of family, genus and species, as well as by plant habit (life form) and habitat. By providing a web-based interface for a broad spectrum of biodiversity data, Atrium facilitates collaboration, analysis, management and sharing of data on a global scale. The Atrium field database, which is in testing, allows field researchers to search, manage, edit and add to collection data while offline, then synchronise via upload to Atrium servers when online. Atrium allows unprecedented collaboration and rapidity of determinations from experts worldwide, thus vastly decreasing the distance between discovery and dissemination of accurate data.
What the user currently sees at http://atrium.andes amazon.org represents (as of November 2007) two years of intensive programming and testing by the BRIT IT team and the scientists, students and others collecting and contributing data. Programming started in June 2005 after nine months of planning the system technology and initial user interface requirements. The current version is Atrium 1.6, which includes a real-time digital herbarium, with data download, label printing, interactive data entry, interactive description interface, online editing, automated family, genus, and species pages, integrated Google Maps and automated colour field guides designed and organised based on users' search strategies.
There are several layers of plant data sources contributing to Atrium, originating through field, laboratory and museum work. The current plant collection and species data that are currently available through the Atrium database include 15,000 collection records and 50,000 associated specimen records in 261 plant families representing close to 5000 species. These specimens are represented by 25,000 images of fresh plant material, habit and habitat, and dried specimens scanned at very high resolution. New plant collections and species data continue to be accumulated through intensive field work being carried out in remote regions of the Andes-Amazon region of Peru, as well as in Papua New Guinea and Melanesia, in general.
Atrium technology standards
The Atrium server infrastructure follows the industry-standard LAMP model (Linux, Apache, MySQL, PHP) that provides a time-tested operating environment supported by a vast array of supplementary tools and extensions. Many web applications are also based on the LAMP model, which facilitates integration with Atrium.
All core components of Atrium infrastructure are open-source, which provide a stable, peer-reviewed, industry-standard foundation for our application. As there are no licensing costs associated with open-source software, the BRIT team will be able to provide Atrium to other organisations without the significant cost barrier associated with conventional commercial software. The Atrium server and network infrastructure is in place and fully functional with IT support from BRIT Systems Administration.
Atrium GIS data and metadata map server
Atrium includes a GIS Data and Metadata Server that allows users to browse, search, visualise, download and upload an extensive collection of BRIT's GIS data layers, such as hydrology, collection points, elevation grids and satellite imagery (http://atrium.andesamazon.org/gis).
Atrium data standards
Atrium adheres to data standards established and maintained by TDWG including the data elements defined by Distributed Generic Information Retrieval (DiGIR), Access to Biological Collections Data (ABCD) and the Darwin Core. The system supports bibliographic data imported and exported in ISI and EndNote (XML) formats. Metadata for GIS datasets stored in Atrium complies with ISO 19115 and Federal Geographic Data Committee (FGDC) standards. For interactive display and search of geospatial datasets, Atrium is integrated with University of Minnesota MapServer, which is compliant with the standards set by the Open Geospatial Consortium. Atrium has enabled BRIT to become a data provider for the Global Biodiversity Information Facility (GBIF), a multinational organisation that consolidates taxonomic and collection data into a unified network.
Atrium management and tracking
The Atrium development team has worked closely with BRIT researchers and other Atrium users to design and implement an application that is uniquely designed to support core scientific goals, with careful planning and prioritisation of features in future versions. Atrium users are from around the world, with heaviest user groups in North, Central and South America.
AIT efficacy
It is timely for plant bar coding to make the move to an automated high-throughput system. The Canadian Centre for DNA Barcoding (CCDB) at the BIO is at the leading edge of this technology with regular publications (see Advances publication -www.dnabarcoding.ca) on advances in the research and development of high-throughput DNA bar coding systems. Recently, our research group collaborated with CCDB in the development of a high-throughput DNA extraction protocol for plants at the CCDB (Ivanova et al., 2008) . We explored the efficacy of bar coding against our traditional taxonomic protocols at the BIO herbarium where we annually process over 10,000 samples. This includes collection, identification, voucher preparation (mounting and labelling) and accession (photograph, database and archive) into herbaria. The time required for plant identification using traditional taxonomic methods accounts for about two-thirds of the total cost of processing these samples (i.e., $200,000 for 10,000 samples, Figure 3 ). In comparison, it is expected that we can identify all 10,000 samples in less than two months for less than half our current cost of identifications using traditional methods (Figure 3 ). This efficiency in identification equates with savings in time and funding allowing us to
• increase the number of identifications we can do each year from 10,000 samples to 25,000 samples in a quarter of the time (one season instead of one year, Figure 3) • generate increased revenue through an increase in routine identifications
• reallocate the time and resources saved from these measures to alpha taxonomy in which bar coding can be used as a tool for the discovery of cryptic taxa (Hebert et al., 2004; Smith et al., 2006) or samples (Hajibabaei et al., 2006; Schneider and Schuettpelz, 2006) • connect and integrate our alpha-taxonomic research with ecological, biogeographic, and conservation studies. 
AIT applications
AIT provides a tool that allows us to realistically consider recording all the biodiversity on earth. Janzen (2003) suggested two steps in recording the earth's biodiversity. First, taxonomic organisations with access to the world's biodiversity collections in museums, herbaria and microbe depositories should extract DNA to build bar code libraries.
The second step is the sequencing and characterisation of the yet undiscovered species in the landscape. We propose an additional phase, where the first step is the development of the AIT system that will link together any taxonomist with plant collections, reference material, floristic surveys and societies' need for information of the earth's biodiversity. Documenting the rest of earth's biota is hindered by the lack of taxonomic expertise to process large collections. Lee (2000) and Mori (1992) discuss how this is becoming more challenging as the number of scientists trained in taxonomy, floristics and systematics drastically declines at a time when this type of research is urgently needed (Tobler et al., 2007) . Currently, it is a fact that extensive explorations in remote areas have been limited by the paucity of taxonomic experts who can process large collections in search of new species. Several studies have concluded that the lack of available data limits our ability to conduct a thorough assessment of the diversity and distribution and consequently conservation of plants in the areas such as the Amazonian region (Tobler et al., 2007; Nelson et al., 1990; Williams et al., 1996; Kress et al., 1998) . AIT provides a tool for quick identification of known species and flags samples that represent new species or taxa with cryptic diversity. Currently, we are collaborating with the Botanical Research Institute of Texas (BRIT) in a vast survey of the Andes-Amazon region of southeastern Peru, one of the last vast tropical wilderness areas on the planet. This includes collection of specimens by parataxonomists (locals trained as field biologists; Janzen, 2004a Janzen, , 2004b , identification of samples using AIT and the description of cryptic specimens as flagged by AIT. It also includes the connection of primary biodiversity data with the local, regional and national governments, as well as non-governmental organisations concerned with the conservation of the vast wilderness area in this region, and the rich biodiversity it harbours.
Many industries conducting routine surveys of botanical diversity would benefit from AIT. Environmental consulting firms conduct botanical surveys on potential development properties. Ecosystem management firms conduct plant surveys while auditing for impacts on plant diversity (e.g., forestry impacts) to mitigate the loss of species. Pharmaceutical companies are exploring plant diversity in search of new medicine. Currently, these plant surveys are conducted in the same manner as was done 100 years ago. The bottleneck to completing a plant survey is always identification and documentation of the species because it relies on time-consuming methods and limited resources. AIT can be used as a tool to overcome this bottleneck because it is cost-effective and efficient. The technology is not limited to experts and can be set-up anywhere.
AIT could serve as a useful tool for authenticating products in certain industries. For example, AIT could be used in the herbal industry to identify the presence of a medicinal plant or a poisonous plant within a processing facility. Numerous examples of unintentional contamination or species substitution in herbal preparations exist (Cole and Fetrow, 2003; Chaffin, 1999; Anonymous/Caregroup, 2006; Dhiman and Singh, 2003) . This includes fraudulent substitution in a product with other species that are more easily accessible. AIT could be used as a tool that could guarantee a certain level of purity, a 'gold standard' for herbal products. The cultivation of many medicinal plants requires specific cultural practices and agronomical requirements. There is an urgent need to authenticate and identify the species-specific requirements which depend on soil, water and climatic conditions. Proper identification is needed at several stages of herbal plant processing including, seed selection, propagation, harvesting and step-wise quality control of raw material up to processing and storage stage.
AIT could be used as a tool to control accidental immigration of invasive species. AIT supports the recent call for detection, identification, and monitoring of invasive species (Pheloung et al., 1999; Daehler et al., 2003; Morse et al., 2004; Darling and Blum, 2007) . AIT could be used at border control sites to randomly check plant materials entering the country; identifying species in bulk plant materials such as vats of seeds or pulverised plant materials. The management of risks posed by potential invasive species requires, at a minimum, the ability to recognise those species (Mallet and Willmott, 2003; Darling and Blum, 2007) . The logistics of early detection and monitoring of invasive species entail that the tools utilised for species recognition be rapidly deployable, cost-effective, technically accessible and accurate; in addition, the best tools will be applicable across a wide range of taxa. Thus, the expensive, time-consuming traditional approach of identification of plants requiring the expertise of multiple taxonomists can now be replaced by AIT, which provides a solution to the limitations of morphological approaches to species identification. Those people who are in close contact with plants on the landscape (e.g., farmers, weed inspectors, foresters, etc.) could send suspect samples to a facility where AIT could provide inexpensive and quick identification leading to early detection and eradication of invasive species.
Future directions
AIT could become a state-of-the-art system that will revolutionise biology and have considerable impacts on society. Advances in both molecular and bioinformatics technology will advance AIT so that it is available to society. Scientists (Pennisi, 1994; Tautz et al., 2002) have discussed the application of computer identifications and recent innovations in animal and plant bar coding (Pennisi, 2007; Fazekas et al., 2008) . Research has now shifted from an exploratory phase to a high-throughput phase based on these recent innovations. The 'tricorder' remains science fiction for now, but a hand-held species identification device could be available in the near future.
Hand-held computers link us to the internet and have considerable data storage; PCR and sequencing technology (microfluidic devices) are currently at the size (nanolitre scale) that could fit in a very small portable field unit. We expect that field biologists will some day be using a hand-held AIT system in which an unknown plant leaf is inserted for identification yielding via wireless connection to the internet a plethora of information such as scientific name, images, range maps, ecology, chemistry, food value, etc. Ecologists could use this as a tool for quick surveys as could environmental consultants and conservationists. Border control stations could search for invasive species within materials such as wood products entering the country. Industry could implement protocols to identify contaminants in food or health products. Farmers and gardeners could quickly identify a weed and learn how to control it. Naturalists could explore wetlands and children could explore their back yard. All of the biodiversity data from these applications could be fed into a data repository that would help us to understand, appreciate and conserve our natural world.
